Schizophrenia is associated with abnormalities in emotional processing and social cognition. However, it remains unclear whether patients show abnormal neurophysiological responses during fast, online appraisals of the emotional meaning of social information. To examine this question, event-related potentials (ERPs) were collected while 18 schizophrenia patients and 18 demographically matched controls evaluated 2-sentence vignettes describing negative, positive, or neutral social situations. ERPs were time locked to a critical word (CW) in the second sentence that conferred emotional valence. A late positivity effect to emotional (vs neutral) CWs was seen in both groups (in controls, to negative and positive CWs; in patients, to negative CWs only). However, the controls showed a greater late positivity effect to the negative and positive (vs neutral) CWs than the schizophrenia patients at midposterior (negative vs neutral) and at right posterior peripheral (positive vs neutral) sites. These between-group differences arose from reduced amplitudes of the late positivity to the negative and positive CWs in the patients relative to the controls; there was no difference between the 2 groups in the amplitude of the late positivity to the neutral CWs. These findings suggest that schizophrenia is associated with a specific neural deficit during the online evaluation of emotionally valent, socially relevant information.
Introduction
Abnormalities in the perception and expression of emotion have been considered an inherent part of schizophrenia since the syndrome was first described. 1, 2 More recently, it has been established that schizophrenia patients show marked behavioral and neural dysfunction in a variety of emotional perception, evaluation, and memory tasks. [3] [4] [5] [6] [7] [8] [9] [10] Behaviorally, patients are impaired in their ability to recognize or discriminate between different emotions expressed in faces 9, [11] [12] [13] [14] [15] [16] [17] [18] and in vocal prosody. 11, [19] [20] [21] [22] At a neural level, event-related potential (ERP) studies report reduced effects in patients, relative to controls, during visual and auditory emotional judgments, [23] [24] [25] [26] [27] and neuroimaging studies reveal abnormalities within cortical and subcortical limbic regions as patients view faces with emotional expressions 24, [28] [29] [30] [31] [32] [33] [34] [35] or evaluate odors 36 or emotional scenes. 37, 38 Behavioral emotional deficits have been linked to other aspects of neuropsychological dysfunction 10, [39] [40] [41] and to negative symptoms. 9, 14, 17, 18, 42 Importantly, they can predict social dysfunction 11, 18, 43 and functional outcome. 11, 44 Although there is little doubt that schizophrenia patients show abnormalities in emotional processing, there remain several unresolved issues. First, do such impairments stem from a specific dysfunction in emotional evaluation, or are they the result of more general cognitive dysfunction? There is some evidence for the latter possibility: patients' poor executive function can predict poor performance on emotion recognition tasks, 40, 45 and several studies have shown that patients' deficits in recognizing facial emotions may be explained by a more general deficit in processing face stimuli. 9, 14, 15, 40, 46, 47 Second, do patients' impairments in discriminating between emotional and neutral stimuli stem from abnormalities to the emotional and/or to the neutral material? In previous studies, it has sometimes been assumed that impairments in discriminating emotional and neutral stimuli in schizophrenia arise from reduced responses to emotional stimuli, without considering the possibility of abnormal responses to neutral stimuli. 9, 14, 17, 42 However, there is evidence that, relative to controls, schizophrenia patients can show inappropriate attributions of emotional meaning (or salience) to neutral stimuli. 27, [48] [49] [50] [51] [52] [53] These behavioral abnormalities have been particularly associated with delusions. 27 , [48] [49] [50] [51] [52] At a neural level, functional magnetic resonance imaging (fMRI) studies have reported reduced differences in activity in schizophrenia patients when contrasting aversive and neutral stimuli. 34, 54 Again, however, because fMRI is a comparative methodology, it remains unclear whether these reduced differences arise from (a) elevated neural responses to neutral stimuli and/or (b) reduced neural responses to aversive stimuli. There is some evidence that patients show abnormally elevated amygdala activity to neutral faces. 29, 31 Others have reported inappropriate increases in activity to neutral, relative to emotional, stimuli within the parahippocampal gyrus in association with reality distortion symptoms, 56 and within midline cortical regions in association with delusions. 55 However, the evidence for reductions in neural activity to emotional stimuli in schizophrenia has been inconsistent, with reports of decreased, 24, 33, 34, 54, 57 but sometimes increased, 29, 30, 58 responses in patients relative to controls.
The present study used ERPs-a direct index of online processing in the brain with high temporal resolution-to address some of the open questions outlined above. The ERP component that has been most closely associated with emotional processing is a positivity, peaking between 300 and 900 milliseconds, which shows a larger amplitude to emotional than to neutral stimuli of multiple different types, including faces, [59] [60] [61] pictures, [61] [62] [63] [64] [65] and words. [66] [67] [68] [69] [70] This positivity-referred to here as the late positivity-has some features in common with the P300 ERP component, classically seen to rare (oddball) stimuli. 71 Importantly, however, several studies in healthy individuals have established that the late positivity evoked by emotional stimuli is not just observed when these are presented as oddballs, suggesting that it can be triggered by the inherent arousal of emotional stimuli, [61] [62] [63] 70 rather than simply their novelty. The increased amplitude of the late positivity to emotional, relative to neutral, stimuli is thought to reflect the increased allocation of attentional resources to such arousing stimuli 61, 72 and their reanalysis with respect to their surrounding context.
In schizophrenia, there have been several ERP studies documenting a reduced late positivity/P300 effect in tasks requiring the evaluation of emotional stimuli. [23] [24] [25] [26] All have used face stimuli. However, these studies have not, as yet, directly addressed the question of whether the reduced late positivity effect observed in patients derives from a selective reduction in this component to emotional stimuli and/or an abnormally increased response to neutral stimuli. In some studies, emotional stimuli were rarer than non-emotional stimuli, 25, 26 making it difficult to determine whether any reduction of the positivity was due to the inherent emotional properties of the stimuli or simply their novelty (it is well established that the P300 to novel oddball stimuli is reduced in schizophrenia 73 ). Also, in all ERP studies to date, the same faces have been repeated many times over the course of an experiment [23] [24] [25] [26] -sometimes more so for neutral than for emotional faces 23 which may have led to differential repetition priming and habituation effects in patients relative to controls, 30 confounding the interpretation of findings. One study reported a larger positivity in patients (particularly in those with paranoid symptoms) than controls to neutral faces but no differences to emotional faces, 27 but the neutral and emotional faces were presented in separate blocks and using different tasks, making these findings difficult to interpret. Finally, there is some evidence that a reduced late positivity effect to emotional faces can be explained by reduced modulation of earlier components, 23, 24 making it difficult to determine whether schizophrenia patients can show neural abnormalities in evaluating emotional stimuli in the absence of early visual processing deficits.
In the present study, we recorded ERPs as participants evaluated the emotional meaning of 2-sentence vignettes describing real-world social situations. 8 There is now robust evidence that reading mini-stories of this sort simulates real-world comprehension, 74 including emotional experience, 75 as readers derive mental models of the situations described. 76, 77 In this paradigm, the first sentence of each pair presents a neutral context and the second sentence, presented word by word, is positive, negative, or neutral in valence. The emotional meaning of the situation described is conferred by a single word in the second sentence, the critical word (CW), eg, ''Sandra's old boyfriend stopped by her apartment today. This time he brought a letter/rose/gun (neutral, positive, negative word, respectively) with him.'' (table 1) .
This paradigm has several advantages. First, unlike faces and pictures, emotional salience of linguistic material, which must first be decoded, is typically evaluated only when its full meaning is accessed. In the present paradigm, we carefully matched the number of letters, the word frequency, and concreteness of the CWs across the neutral, positive, and negative conditions. Thus, any differential modulation of the late positivity in schizophrenia in this paradigm would most likely be driven by abnormalities in the evaluation of emotion, rather than deficits at early perceptual stages of emotional processing.
Second, we averaged ERPs separately to positive, negative, and neutral words and also avoided several confounds of the previous ERP studies discussed above: the emotional stimuli were not rarer than the neutral stimuli, and no sentence was repeated more than once. This allowed us to compare the amplitudes of ERPs evoked by emotional and neutral words separately between patient and control groups to determine the source of between-group differences in ERP effects.
Emotional Processing Deficits in Schizophrenia
Based on previous studies, 66, 78, 79 as well as our own recent findings using this ERP paradigm in a younger group of healthy individuals, 8 we predicted that controls would show a larger late positivity to emotional than to neutral words. We hypothesized that, by comparison, this late positivity effect to emotional vs neutral vignettes would be reduced in schizophrenia patients, [23] [24] [25] [26] [27] [28] 33 particularly in those with negative symptoms, or possibly even reversed, 52, 55, 56 particularly in patients with delusions. We aimed to determine whether such abnormalities in schizophrenia patients arose because of an abnormally reduced response in patients to emotional vignettes and/or an abnormally increased response to neutral vignettes.
Methods

Materials
The sentence-pair stimuli have been described in detail elsewhere. 8 Briefly, 2-sentence descriptions of situations involving one person or more (see table 1 for examples) were generated for each of 3 experimental conditions. For each sentence pair, the first sentence (8-11 words long) was neutral and ambiguous in content, providing a non-constraining context for the second sentence. The second sentence contained 6-9 words and, before the end of the sentence, contained a word that was neutral, positively valenced, or negatively valenced (the CW). Pretests in healthy individuals who did not participate in the ERP study confirmed that the CWs and the sentence pairs as a whole were indeed positive, negative, or neutral in valence. 8 The positive and negative CWs had higher mean arousal ratings than the neutral CWs, and all 3 conditions were matched in terms of concreteness, number of letters, and Kucera-Francis frequency of the CWs. 8 The stimulus set was divided into 3 lists, using a Latin square design, which were counterbalanced between participants such that no individual encountered the same sentence pair more than once, but, across subjects, all vignettes were seen in all 3 conditions. Each of the 3 lists included 135 sentence pairs, with 45 sentence pairs in each condition.
Participants
Eighteen outpatients were recruited from the Erich Lindemann Mental Health Center, Boston, MA. All patients met Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition) (DSM-IV) criteria for schizophrenia, as confirmed by the Structured Clinical Interview for DSM-IV (SCID). 80 Eighteen healthy volunteers were recruited by advertisement and were screened using the SCID to exclude the presence of psychiatric disorders. 80 Patients' symptomatology was assessed within 2 weeks of ERP testing using the Positive and Negative Syndrome Scale. 81 Patients were receiving stable doses of antipsychotic medication: 16 were taking atypical antipsychotic medication, 1 was on typical antipsychotics, and 1 was unmedicated. One patient was also taking anticholinergic medication. There were no medication changes between clinical assessments and the ERP session. Healthy volunteers were not taking medication affecting the central nervous system.
All participants were right-handed and had normal or corrected-to-normal vision. Participants were excluded if they had a history of neurological injury, head trauma with documented cognitive sequelae, and medical disorders that can impair neurocognitive function, as well as if they met DSM-IV criteria for substance abuse within the 83 Demographic characteristics of all participants and clinical details for the patient group are given in table 2.
Written informed consent was obtained from all participants according to the guidelines of the Massachusetts General Hospital and Tufts Human Subjects Research Committees.
Stimulus Presentation and Task
Participants sat in a comfortable chair in a dimly lit room. Stimuli were presented on a computer monitor, in white font, centered on a black background, and subtended at a visual angle of about 5°. Experimental participants were randomly assigned to 1 of the 3 lists. All trials began with a white fixation cross (500 ms, interstimulus interval [ISI] = 100 ms). The first sentence was presented as a whole (3.5 s, ISI = 100 ms), and the second sentence was presented word by word (500 ms, ISI = 100 ms). A 750-millisecond blank screen interval followed the final word of the second sentence, and this was followed by a question mark cue. Participants' task was to press 1 of 3 buttons with their right thumb (button order was counterbalanced across subjects), depending on their judgment of whether the sentence pair depicted a pleasant, unpleasant, or neutral person, place, or situation. This delayed judgment reduced any contamination of the ERPs of interest by response-sensitive components. 71 Participants then proceeded to the next trial.
ERP Recording Procedure
The electroencephalogram (band-pass, 0.01-40 Hz, 6-dB cutoffs; sampling rate, 200 Hz) was recorded from 29 scalp electrodes (Electro-Cap International, Inc, Eaton, OH; for full montage see figure 1 ), as well as below and at the outer canthus of an eye and over the right mastoid; all recordings were referenced to the left mastoid. ERPs were averaged off-line at each electrode site for each experimental condition using a 100-millisecond prestimulus baseline and lasting until 1170 milliseconds after word onset. Trials contaminated with eye artifact (exceeding 50 lV) or amplifier blockage were excluded from analyses. Artifact contamination led to a rejection rate of 12.81% (SD = 8.04%) in patients and 8.27% (SD = 5.79%) in controls.
Behavioral Analysis
It was first determined that individual participants were able to perform the task by considering just the positive and negative items and determining whether these were accurately discriminated, using d#: z(hit rate) À z(false alarm rate). Here, the hit rate was calculated as the percentage of items in one emotional condition that were classified consistently with the preclassification (eg, percentage of negative items classified as negative), and the false alarm rate was calculated as the percentage of items in the other emotional condition that were classified Note: SDs are shown in parenthesis. M = male, F = female, C = Caucasian, AA = African American, CPZ = chlorpromazine, PANSS = Positive and Negative Syndrome Scale. inconsistently with the preclassification (eg, percentage of positive items classified as negative). In addition, for each of the 3 preclassified sentence types (positive, negative, and neutral), the percentage of trials that each individual classified as positive, negative, and neutral during the ERP experiment-consistent responses-was entered into a 2 (group) by 3 (affect) analysis of variance (ANOVA) to determine how these classifications differed between the patient and control groups across the 3 sentence types.
ERP Analysis
Because we were primarily interested in the electrophysiological response in relation to participants' affective classifications, ERPs were averaged according to participants' explicit classifications of the sentences as positive, negative, and neutral (as reported in the behavioral accuracy section of the results, these classifications were usually consistent with the a priori affective classifications of these sentences based on norming studies). ERPs to these trials were quantified by calculating mean amplitudes (relative to the 100-ms baseline preceding the CW) for components of interest. Modulation of the P2 and N400 components was captured across the 100-to 250-millisecond and 300-to 500-millisecond time window, respectively. Modulation of the late positivity was examined within the 500-to 700-millisecond time window. This time window was chosen on the basis of our previous study using the same paradigm in a separate cohort of healthy individuals, 8 and it captured the late positivity component in both patients and controls. Based on our a priori hypotheses and the findings of our previous study, 8 we proceeded to ANOVAs that contrasted the negative and positive sentence pairs with the neutral sentence pairs. For each of these contrasts, a mixed-design ANOVA was conducted in order to examine the relative modulation of the mean amplitude of the late positivity across conditions at mid and peripheral sets of scalp regions. Each of these omnibus analyses had a withinsubject factor of affect (2 levels: negative vs neutral or positive vs neutral) and a between-subject factor of group (2 levels: patients vs controls). In order to examine how the modulation of the waveforms varied across the scalp surface, the scalp was subdivided into regions along the anterior-posterior (AP) distribution of the scalp surface at both mid and peripheral sets of regions; see figure 1. Each ANOVA also included the within-subject scalp topography factors of AP region distribution and, for the peripheral regions, hemisphere. Significant interactions involving the affect and AP region distribution factors were first parsed by assessing the ERPs at each region or, for the peripheral analysis, pairs of regions. Significant interactions involving both affect and group interactions were parsed in 2 ways: first by examining the effect of affect in each participant group and second by examining the effect of group for the ERPs evoked by each type of CW (positive, negative, or neutral). The Geisser-Greenhouse correction was applied to repeated measures with more than 1 df, 84 and a significance level of a = .05 was used as, in all cases, a priori hypotheses were tested.
Spearman correlations were used to examine how the late positivity effects to the negative (vs neutral) and positive (vs neutral) CWs varied in relation to clinical characteristics (shown in table 2) within the patient group. These late positivity effects were calculated by subtracting the averaged amplitudes of ERPs evoked by neutral CWs from the averaged amplitudes between 500ms and 700ms of ERPs evoked by negative and positive CWs across electrode sites within (a) the mid-posterior region and (b) the right peripheral posterior regions where, as reported below, effects differentiated between the patient and control groups. For a priori hypotheses about the relationships between delusions and negative symptoms and the late positivity effects (see ''Introduction''), a = .05 was used. For other, more exploratory correlations (with total positive symptoms, conceptual disorganization and hallucinations), computed to establish specificity of any findings, the significance level was determined based on the Bonferroni correction.
Results
Behavioral Data
All individual participants were able to distinguish between the negative and positive sentence types (all individual d# scores >1.75) (table 3) .
In examining the percentages of participants' responses that were consistent with the 3 a priori classified conditions, there was a main effect of affect (F 2,68 = 11.74, P< .0005) that arose because participants were less consistent in classifying the neutral sentence pairs than either the positive (t 35 = 2.65, P< .02) or negative (t 35 = 4.46, P< .0001) sentence pairs. Additionally, negative sentence pairs were classified more consistently than positive sentence pairs (t 35 = 2.38, P< .05). A significant main effect of group (F 1,34 = 8.04, P< .009) was due to significantly greater consistency (across all sentence types) in controls than patients (t 34 = 2.88, P< .01). There was no significant interaction between group and affect (F 2,68 = 1.30, P= .272).
Event-Related Potentials
The grand average ERPs, time locked to the presentation of the CWs in sentence pairs classified as positive, negative, and neutral, are plotted in controls in figure 2 and in patients in figure 3 . In both groups, an N1-P2 complex can be seen in the first 250 milliseconds after word onset. The P2 did not show differential modulation by affect across the patient and control groups: mid-region and peripheral region omnibus ANOVAs failed to reveal significant interactions involving affect and/or group across the 100-to 250-millisecond time window, all P values >.05.
The P2 was followed by a negativity (the N400). This overlapped with a positive shift in the waveform that was particularly marked to the emotional words. Because this positive shift began within the N400 time window, any differential modulation across groups in the modulation of the N400 component by affect could not be isolated in this paradigm (see Discussion): across the 300-to 500-millisecond time window, the contrast between negative and neutral CWs revealed a significant main effect of affect in the mid-region omnibus ANOVA (F 1,34 = 8.533, P = .006), this was due to the overlapping larger positivity to the emotional words than the neutral words. Across the 300-to 500-millisecond time window, there were no interactions between affect and group in either the mid-region or peripheral region omnibus ANOVA for either the contrast between negative and neutral or between positive and neutral CWs, across the 300-to 500-millisecond time window. The later part of the positivity appeared to be differentially modulated between conditions and groups, and this was further examined within the 500-to 700-millisecond time window (the late positivity).
The late positivity was first contrasted between negative and neutral CWs. Both the mid-region and peripheral Note: SDs are shown in parenthesis. ERP, event-related potential. region omnibus ANOVAs revealed main effects of affect as well as significant interactions between affect and AP region distribution (table 4, left). These interactions were followed up with ANOVAs in each of the regions or, for the peripheral analysis, pairs of regions (table 4, left). These follow-up ANOVAs showed main effects of affect in all regions/pairs of regions except the most anterior mid-prefrontal region, reflecting significant widespread late positivity effects to negative (vs neutral) CWs across both groups. In addition, the peripheral region omnibus ANOVA revealed an interaction between affect and hemisphere: this arose because the late positivity effect was larger over right than left peripheral regions (follow-ups in each hemisphere separately revealed significant main effects of affect in both hemispheres, but effects were larger on the right). Notably, both the mid-region and peripheral region omnibus ANOVAs revealed significant interactions between affect, AP region distribution, and group (table 5, left). Follow-ups in each mid-region/pair of peripheral regions revealed interactions between affect and group that reached significance in the mid-posterior region and that approached significance in the posterior peripheral regions (table 5, left), indicating that, in these regions, the modulation of the late positivity by affect differed between the 2 groups. The significant interaction in the mid-posterior region was followed up in 2 ways. First, ERPs evoked by the negative and neutral words separately were compared between the 2 groups. This revealed a significantly larger late positivity to the negative CWs in controls than patients (main effect of group, F 1,34 = 4.571, P = .040) but no such between-group difference to the neutral CWs (F 1,34 = 0.553, P = .462); see figure 4A and 4C. Second, ERP effects to negative (vs neutral) CWs were examined within each group separately. This revealed significant effects in both controls (t 17 = 3.606, P< .01, see figure 2A ) and patients (t 17 = 2.158, P< .05, see figure 3A ), although this effect was smaller in patients than controls (see figure 5A ).
The late positivity was next contrasted between positive and neutral CWs. Here, the mid-region omnibus ANOVA revealed interactions between affect and AP region distribution; no such interaction was seen in the peripheral region ANOVA (table 4, right). Follow-ups in each of the mid-regions revealed a main effect of affect only in the mid-posterior region, reflecting a larger late positivity to positive than to neutral CWs across both patient and control groups.
There were no interactions involving group and affect in the mid-region omnibus ANOVA, but, in the peripheral region ANOVA, significant 3-way interactions were observed between group, affect, and hemisphere, as well as between group, affect, and AP region distribution (table 5, right). The group by affect by hemisphere interaction was parsed by conducting analyses at each right and left peripheral region separately, and this revealed a group by affect by AP region distribution interaction in right peripheral but not left peripheral regions. Further follow-up in right peripheral regions indicated that the modulation of the late positivity differed between the 2 groups at the right posterior peripheral region (group by affect interaction: F 1,34 = 4.280, P = .046) but not at the right anterior peripheral region (group by affect interaction: F 1,34 = 1.162, P = .289). Once again, this interaction in the right posterior peripheral region was followed up in 2 ways. First, direct comparisons between the 2 groups of ERPs evoked by the positive and neutral CWs separately revealed a significantly larger late positivity to the positive CWs in controls than patients (main effect of group: F 1,34 = 5.755, P< .03, see figure 4B ) but no such effect to the neutral words (main effect of group: F 1,34 = 0.006, P > .90). Second, when ERP effects to positive (vs neutral) CWs were examined in each group separately, controls showed a larger late positivity to positive (vs neutral) CWs (t 17 = 2.936, P = .009, see figure 2B ), but patients showed no late positivity effects to positive (vs neutral) CWs (t 17 = À0.152, P = .881, see figure 3B and figure 5B ).
In sum, in the mid-posterior region, patients, relative to controls, showed a significantly smaller late positivity effects to negative (vs. neutral) CWs, and in the right peripheral posterior region, they showed a significantly smaller late positivity effect to positive (vs neutral) CWs. In both cases, these reduced effects arose because the late positivity evoked by the emotional CWs was smaller in patients than controls, but there was no between-group difference in the late positivity evoked by the neutral CWs.
Finally, ERPs to negative and positive CWs were contrasted directly in these same 2 posterior regions. Significant main effects of affect reflected a larger late positivity to negative than positive CWs across the 2 groups (mid-posterior region: F 1,34 = 4.481, P = .042; right peripheral posterior region: F 1,34 = 4.866, P = .034). There were no interactions between affect and group, P values >.3, ie, modulation to negative relative to positive CWs did not differ significantly across the 2 groups. Consistent with the results described above, a main effect of group approached or reached significance in these posterior regions (midposterior region: F 1,34 = 6.690, P = .014; right posterior peripheral region: F 1,34 = 3.792, P = .060), reflecting a larger late positivity to emotional (both positive and negative) CWs in controls than patients.
Correlations Between ERPs and Clinical Measures
Severity of negative symptoms was negatively correlated with the late positivity effect to the positive (vs neutral) CWs in the right peripheral posterior region (r = À.50, P = .035) and to the negative (vs neutral) CWs in the mid-posterior region (r = À.47, P = .047), ie, the more the negative symptoms, the smaller the late positivity effect to both negative and positive (vs neutral) CWs (figure 6A and 6B). There was no correlation between severity of delusions and the late positivity effect in either region (P values > .1). Total positive symptoms, hallucinations, and thought disorder also did not correlate with the late positivity effect to negative or positive (vs neutral) CWs in either of these regions (P values > .09). There were also no correlations between dose of antipsychotic medication (in chlorpromazine equivalents) and the late positivity effects to either negative (vs neutral) or positive (vs neutral) CWs in either of these regions (P values > .12).
Discussion
This study used ERPs to examine the neurocognitive processes engaged as schizophrenia patients and healthy controls judged the valence of 2-sentence descriptions of affectively positive, negative, and neutral social vignettes. Controls showed a late positivity effect to both negative and positive (vs neutral) words within these vignettes.
The effect to CWs in the negative (vs neutral) sentences was observed at widespread regions across the scalp but was maximal at mid-posterior and right posterior regions. The effect to positive (vs neutral) sentences was generally smaller and more localized to posterior regions. Both these observations replicate results of our previous study in younger healthy individuals using the same paradigm. 8 We interpret the late positivity effect to emotional (vs neutral) stimuli as reflecting the increased allocation of attentional resources to reevaluate emotional events, with respect to their preceding neutral context, as a result of their intrinsic motivational significance. 61, 72 Importantly, as predicted, there were significant differences in both these effects (ie, to CWs in both the negative and positive, vs neutral, sentence pairs) between patients and controls. Of note, these group differences were not widespread and were localized to posterior regions. Within the mid-posterior region, the late positivity effect to CWs in negative (vs neutral) sentences was larger in controls than patients, and within a right posterior peripheral region, controls showed a late positivity effect to CWs in positive (vs neutral) sentences but patients showed no such effect. Although it is possible that these differences in distribution reflect distinct impairments in Table 5 . the underlying neural generators that discriminate positive and negative stimuli from neutral stimuli in schizophrenia, given the poor resolution of ERPs, we do not draw any firm conclusions about the anatomical sources of these effects. In both cases, group differences in the modulation of the late positivity arose because the amplitude of the late positivity to CWs in emotional (both positive and negative) sentences was smaller in patients than controls, but there was no between-group difference in the amplitude of the late positivity to CWs in the neutral sentences. Because ERPs were averaged according to each participant's end-of-sentence classifications of emotional valence (positive, negative, or neutral), the betweengroup neural differences were not simply a by-product of patients being unable to perform the task: even when stimuli were behaviorally classified as positive, negative, or neutral, patients still showed reduced immediate neural responses to the critical emotional words.
An important question is whether the selectively reduced late positivity to emotional words in posterior regions in patients, relative to controls, can be explained as an instance of a reduced P300-an ERP that is well known to be attenuated in simple oddball paradigms in schizophrenia. 73 Work in healthy volunteers suggests that the emotional late positivity and P300 are related and part of the same overall family of components: They may both, in part, reflect attentional reallocation processes and a reanalysis of the context surrounding the critical stimulus. Nonetheless, their triggers are different, and there is some evidence that they reflect at least partially distinct underlying neurocognitive processes: whereas the oddball P300 is triggered by attention to novelty within a given stimulus set, the emotional late positivity is evoked by the intrinsic emotional salience or arousing quality of a given stimulus, which is not necessarily novel within a given stimulus set, 8, 65, 72, 85 and does not necessarily require volitional attention. 8, 72, 86, 87 fMRI studies also reveal both common and distinct neuroanatomical circuitries engaged in response to novelty and emotion, with amygdala involvement in processing emotion 88, 89 that persists under conditions when attention is minimized or absent. [88] [89] [90] [91] [92] [93] In the present study, the late positivity was elicited by the emotional meaning of the words rather than by the novelty of the emotional sentences across the entire experiment: the emotional sentences were, in fact, less rare (less novel) than the neutral sentences (two-thirds of the stimuli were emotional, while one-third were neutral). Nonetheless, it may still be that a general impairment in attentional reallocation and context updating processes can explain both the reduced P300 seen in response to oddball stimuli in schizophrenia, as well as the reduced emotional late positivity seen here, especially given that participants were asked to pay explicit attention to the emotional valence of the stimuli. In young healthy individuals, we have shown that the late positivity to CWs in these same emotional (vs neutral) sentences was still present but reduced when the task was simply to read the sentences for comprehension. 8 A follow-up study in schizophrenia using this more passive comprehension task will enable us to determine whether patients still show a reduced late positivity effect to emotional (vs neutral) stimuli when they are not required to pay explicit attention to emotional valence. (Reductions in late positivities in schizophrenia have also been documented during other aspects of higher order language processing [94] [95] [96] and real-world comprehension. 97 Here again, while late positivities may have some functional commonalities with the P300, they usually show characteristic patterns of modulation within their individual domains of function and are likely to arise from at least some distinct underlying neuroanatomical sources.)
In the present study, the positivity evoked by the emotional words was studied within the 500-to 700-millisecond time window. However, examination of the waveforms suggest that the positive shift to the emotional words began well before 500 milliseconds and overlapped with the N400-an ERP component that is thought to reflect the ease or difficulty of mapping the meaning of individual words into their preceding context, 98 with respect to semantic memory structure 99 and real-world knowledge.
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This component overlap meant that we were unable to examine modulation of the N400 to emotional stimuli. In our study, using these same stimuli, in young healthy individuals, 8 we observed a small N400 effect to both positive and negative emotional (vs neutral) CWs under more passive reading conditions when, as discussed above, the late positivity wasrelatively reduced (see also VanBerkumet al 101 ). It will be important to determine whether, in schizophrenia patients, this ''emotional'' N400 effect is abnormally modulated to these stimuli under these conditions.
Another question for future studies is whether between-group differences in the modulation of the late positivity to emotional words within sentences were driven, in part, by neural deficits in perceptual processing. There is some evidence that early perceptual processing deficits can contribute to abnormalities in processing nonlinguistic emotional stimuli, such as faces, in schizophrenia. [102] [103] [104] [105] In the present study, it seems unlikely that the reduced late positivity in patients was driven directly by bottom-up early perceptual processing deficits. This is because, by their very nature, linguistic stimuli must first be decoded to derive conceptual meaning. 106 Nonetheless, given that, on some accounts, emotional meaning is represented or embodied at perceptual and motor levels, rather than at more abstract levels, 75, 107 it may be that reduced activation of such perceptual representations may have contributed to the reduced late positivity. We also cannot exclude the possibility that patients showed abnormalities at presemantic lexical (or sublexical) stages of processing the emotional words (see Gaillard et al 108 for evidence that the emotional nature of words can be registered at early processing stages in healthy adults): although, in the present study, there was no evidence that patients showed reduced modulation of the P2 component, the activation of pre-semantic lexical representations is thought to decay rapidly, and it is therefore unlikely that any abnormalities would be detected under the experimental conditions used in the present study. 109 Future studies examining the processing of emotional words under masked priming conditions will be able to test this possibility.
The demonstration of a reduced difference in neural activity to emotionally salient vs neutral stimuli in schizophrenia builds upon some fMRI findings that have reported reduced differences in hemodynamic activity (within the medial temporal lobe) in contrasting an emotional faces discrimination task with an age discrimination task 33 and in comparing emotional faces with neutral faces. 34, 54 Indeed, some studies have shown reversed patterns of modulation in patients, relative to controls, in paralimbic regions: one study reported increased activity within the right parahippocampal gyrus in response to increasingly fearful facial expressions, 56 and we recently found increases in activity within medial prefrontal and posterior cingulate cortices in response to the same emotional vs neutral sentence pairs as those used in the present study. 55 Because fMRI is a comparative methodology, it is unclear whether these abnormal hemodynamic modulations stemmed primarily from decreases in activity to emotional stimuli and/or increases in activity to neutral stimuli. The present findings suggest that they may have, at least in part, stemmed from immediate decreases in neural activity to the emotional material.
Nonetheless, this does raise the question of why the present ERP study failed to show an increased response to neutral stimuli in patients relative to controls-the pattern seen in our recent fMRI study using these stimuli. 55 The reason for this discrepancy is unclear, but we suggest that it may be partially explained by a difference in the time course of evaluating the meaning of neutral vs emotional stimuli. As discussed above, evaluating the meaning of emotional stimuli occurs very fast (within the order of hundreds of milliseconds) and begins immediately after encountering the stimulus that confers emotional salience. This makes evolutionary sense: upon encountering an emotionally salient stimulus, it is necessary to immediately evaluate it, in relation to its context, for survival. [110] [111] [112] Because ERPs measure neural response to individual events, they provide a very sensitive measure of such fast, time-locked evaluation processes and are therefore likely to detect any abnormal reduction in patients' immediate neural response to emotional stimuli. In contrast, abnormal responses to neutral stimuli in schizophrenia may be associated with neural responses that take longer to build up and that are less closely time locked to the onset of a critical event. fMRI, which indexes hemodynamic activity spread over many words and during decision making, may have been better suited to capturing such increased activity to neutral stimuli in patients. (In the present study, participants were asked to make their decisions after a 750-ms time interval in order to reduce any contamination of the ERP waveform measured at the CW by later response-sensitive ERPs, 71 limiting any interpretation of reaction time measures at this late point). Interestingly, a previous ERP study that presented neutral and emotional faces in blocks, rather than randomizing them among each other, reported a larger positivity to neutral faces in patients (particularly those with paranoid symptoms) than controls: this blocked presentation may have allowed time for any increased neural response to neutral stimuli in patients to accumulate. 27 A second possibility for why, unlike in our recent fMRI study, increased activity to neutral stimuli was not observed in patients is that aberrant neural responses to neutral material may be dependent on the level of active psychosis, in particular delusions. 27, [48] [49] [50] [51] [52] 56 Consistent with this possibility, patients in the present study showed less evidence of delusions than those included in our fMRI study using the same stimuli. 55 Finally, within the patient group, the magnitude of the late positivity effect at posterior regions to CWs in both the negative and positive (vs neutral) sentence pairs showed an inverse correlation with the severity of negative symptoms. This observation is consistent with several previous behavioral findings reporting that more severe negative symptoms are associated with poorer performance on emotion labeling/matching tasks. 9, 14, 18, 23, 42 Although this finding should be considered preliminary, if replicated in a larger patient group, it would suggest that the social impairment and reduced affective engagement that is characteristic of negative symptomatology might, in part, stem from deficits in the neural response that occur immediately following an emotionally significant stimulus.
The present study included patients with chronic schizophrenia who were all taking psychotropic medication. It seems unlikely, however, that medication alone can explain the pattern of findings reported here: in the posterior regions that discriminated maximally between patients and controls, and where effects were generally largest, there was no correlation within the patient group between the size of the late positivity effect to emotional (vs neutral) CWs and either medication dosage or chronicity of illness within the schizophrenia group. It will, however, be important to replicate these findings in patients in the earliest stages of illness and without medication.
To conclude, the present study demonstrates a selective reduction in the immediate neural response to emotional vignettes describing real-world social situations, in schizophrenia patients, relative to healthy controls, during emotional evaluation. No such reduction was observed to vignettes describing neutral situations. These findings suggest that schizophrenia patients fail to evaluate the emotional significance of socially relevant emotionally salient stimuli and allocate neural resources to such stimuli, within several hundred milliseconds after their first encounter.
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